



Journal of Industry, Engineering and Innovation, Vol. 1 No. 2 (2019) p. 1-4 
 
Journal of Industry, Engineering and Innovation 
 






Noise Study of Air-Conditioning System at UTHM 
Pagoh: A Facility Management Approach 
 
Mariah Awang1*, Amirul Faiz Abdul Latif1, Fatimah Mohamed Yusop1, Mohammad 
Ashraf Abdul Rahman1, Nuramidah Hamidon1, Kamaruzzaman Musa1 & Faridahanim 
Ahmad2 
 
1Civil Engineering Technology Department, Faculty Engineering Technology, 
Universiti Tun Hussein Onn Malaysia, Pagoh, 84600, Malaysia 




Received 15 August 2019; 
Accepted 30 September 2019;  

















Human spend most of their time indoor. According to 
The National Human Activity Pattern Survey (NHAPS), the 
Americans spend averagely 90% of their time inside a 
building doing work, studying or doing daily routines. 
International Labour Organization stated that 70% of work 
labours around the world are working indoor. These 
numerical facts telling that indoor environment plays 
significant role on human development and life itself. 
Students either in primary, secondary or tertiary levels give 
high percentages in the usage of indoor space of building. In 
2012 alone, 1.3 million out of 27 million people in Malaysia 
are sitting for their tertiary level education and these numbers 
are rapidly grow by years (MOHE, 2016). They mainly use 
indoor spaces for learning and teaching processes Therefore, 
the quality of the indoor spaces should be sufficiently 
assessed and improved from time to time to ensure a healthy, 
comfortable and safe indoor environment as well as keeping 
learning and teaching process going well. The condition and 
atmosphere of education spaces or areas can significantly 
affect the learning process (Hutchinson, 2003). It is observed 
that minor aspects might lead to augmented difference in 
learning process compared to grand architectural statements 
(Temple, 2008). There are includes important aspects of 
facility management (FM), such as the inconvenience 
facilities and improperly working technologies. From the 
allocation of resources to education and support, facility 
services significantly contribute towards educational 
achievement (Crampton, 2009). Over the years, facility 
management has evolved and become a vital and 
development. People start looking at this area as an important 
aspect to be considered before choosing or using a building 
or a space. Good facility management is demanded in today’s 
market as it provides a better space environment that is 
included safety and well-being of the building occupants and 
the building’s function itself. Facility management also 
responsible to ensure hazards and discomforts of building 
spaces are identified assessed and controlled. These 
responsibilities, if correctly discharged will definitely 
contribute to the prevention of unexpected incidents causing 
discomfort, injury, illness, death, environment degradation 
and property damage at the workplace. These responsibilities 
will also give a major and positive factor in favor of 
productivity and image of an organization. In this study, an 
investigation on facility management in UTHM Pagoh will 
be conducted. Since UTHM Pagoh is a new campus, there 
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Abstract: Human spend most of their time indoor. So, the quality of indoor environment 
should be assessed and improved ensure a comfortable and safe indoor environment. However, 
in UTHM Pagoh there do the building occupants face a major facility problem, which is the 
noise, coming from the air-conditioning system. In this study, the objectives are to identity the 
causes and the effects of air-conditioning system noise in UTHM Pagoh and to propose the 
solution to control the problem. There are three main method used to verify the objectives. The 
first one is by questionnaire distribution to all building occupants. It is found that their 
physiology, communication and performance are affected by the noise produced. Secondly, 
physical data were measured using sound level test. It is found that the Total Average Noise 
Level in all laboratories exceeded the standard by WHO and ASHRAE, which is 55dBA. 
Lastly, the interview sessions were conducted to determine the causes and the effects of the 
noise. Through these interviews, it is found that the causes of the noise are location of air-
conditioning blower and return air duct from the room that are too close to the laboratories. 
The solution listed is design stage control. The solutions proposed is installation of noise 
insulation using acoustic material and relocation of the return air duct from the room to a 
higher position. 
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are few major facilities’ issues that affecting all building 
occupants such as inconvenience facilities and improperly 
working technologies. These two issues lead to 
inconvenience studies environment and thus affect the 
students who are encompasses 83% of total building 
occupants. According to the Facility Unit of UTHM Pagoh, 
the number of complaints on the air-conditioning system 
noise received is surprisingly high thus this issue will 
thoroughly discuss in this study. The spaces between the 
building blocks are very limited. Under these conditions, the 
noise generated by any air-conditioning systems would 
propagate, without much attenuation, to the In addition, 
because of the proximity of the adjacent spaces or areas, 
severe reverberation of the noise generated occurred. 
Furthermore, the design and position of the air-conditioning 
duct system also contributed to the noise generated. 
Therefore, this study will thoroughly focuses on the causes, 





Fig. 1 - Flow chart of methodology 
 
2.1 Pilot Study 
In the pilot study, there are two methods involve which 
are pre-interview and physical data measurement. For the 
pre-interview, common and simple questions are asked to 30 
respondents. It consists of 4 major questions regarding noise 
pollution and its impact on the building occupants. As for the 
physical data measurement, a laboratory is selected as the 
subjects of this pilot study. The laboratory chosen was 
Building Services Engineering Technology Laboratory. The 
sound level of the laboratory is recorded to set as initial data 
of this research. The data collection process is the step 
whereby the objectives of this study can be achieved. There 
are two objectives highlighted in this study which are: 1) To 
identity the causes and the effects of air-conditioning system 
noise in UTHM Pagoh and 2) To identify and propose the 
solution to control the problems that is related to Facility 
Management. Each data collection methods used is based on 
these objectives. 
 
2.2 Data Collection 
After the pilot study is done, the actual problem faced 
by the building occupants in UTHM Pagoh is identified 
which is the disturbance of air conditioning system noise 
during teaching and learning session. Hence, in order to 
obtain more precise data of this problem, data collection is 
carried out. This section involves three methods, which are 
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the interview, questionnaire and sound level test. In order to 
identify the causes and effects of the air-conditioning system 
noise, questionnaire forms are distributed to be filled by the 
building occupants. In order to verify the objectives of this 
research, experts’ opinions should be included. Therefore, to 
gain their opinions, interview sessions were conducted. As 
for these interview sessions, there are two groups of experts 
chosen. They are the academicians and industrial players. 
There are six experts were selected in this study as suggested 
by Donabedian, A. (1988) and Saiful Li (2017). The reason 
of this selection is because they have trusted and sufficient 
knowledge and experiences to give their point of view in 
order to fulfil the objectives. This method is used to identify 
the causes and solutions to the problem. These experts are 
asked with same questions to obtain consistency in this 
research. Before data analysis is perform, physical which is a 
device measuring the noise level in an environment for five 
minutes and showing the maximum and minimum noise level 
for that period. In this way, valid and reliable noise 
measurements were performed without being affected by 
instantaneous noise levels. In addition, all of the 
measurements were made on a noise pollution mapping 
based on the previous research by Buchari and Nazruddin 
Motandang (2017). A sound level test is carried out in this 
experiment to numerically and scientifically evaluate the 
level of noise from the air conditioning system in the 
classroom and laboratory of UTHM Pagoh. Data processing 
for this study was carried out by using measurement point 
mapping. There are two types of measurement point mapping 
grid. The first one is by using 10x10 meter grid. This type of 
grid is suitable for overall noise measurement of a facility or 
area for example, overall noise level for school, university or 
factory. As for this study, noise level is assessed partially by 
laboratory in a university. Therefore, the second type of 
measurement point mapping grid, which is equal square grid, 
is used. For this type, the total size of the laboratory is 
measured, and then the point is marked by dividing all the 
area equally. The recommended distance from one point to 
another is range from two to three meters. The measurement 
point mapping for this study is shown in Fig. 2. 
 
Fig. 2 - Measurement Point Mapping 
 
3. RESULTS AND DISCUSSION 
This study found that the laboratories investigated 
exceeded the standard allowed as shown in Figure 3. Based 
on the methods carried out in this study, the causes, effects 
and solutions for this problem are obtained. The causes of the 
noise pollution in UTHM Pagoh are generally due to the 
location of the AHU room. The closed location between 
AHU room and laboratories leading to main causes of this 
problem which are propagation of noise coming from return 
air duct due to its low height location and the direction of the 
air-conditioner blower as shown in Table 1. It is also proven 
that this noise has significantly affected the building 
occupants in three aspects, which are physiology, 




communication and performance as shown in Fig. 4, Fig. 5 and 
Fig. 6 respectively. 
 
Fig. 3 - Total Average Sound Level in Each Laboratories 
exceeded the standard 
 




Possible Causes Agree Disagree 
Surrounding and environment factors 
- Traffic 0 6 
- Shop/Residential 0 6 
- Construction 0 6 
- Size of the room 1 5 
Internal factors 
- Machine and devices 0 6 
- Building occupants 0 6 
Air-conditioning system 
- Blower 6 0 
- Return air duct 5 1 
- Design of internal ducting 
  system 2 4  
 
Fig. 4 - Physiology impact of the noise 
 














Fig. 6 - Performance impact of the noise 
Conclusion 
The conclusions that can be taken from this study are 
the noise level in ten JTKA laboratories investigated 
exceeded the standard set by ASHRAE and WHO which is 
55 dBA for the noise in the laboratory. The noise level in the 
observed areas based on the data processing was range from 
58.9 to 72.91 dBA, which exceeded 55 dBA. There are three 
laboratories recorded the highest Total Average Noise Level 
namely Environmental Engineering Technology Laboratory, 
Civil Engineering Technology Laboratory and Building 
Services Engineering Technology Laboratory. Meanwhile 
Wood Engineering Technology Laboratory, CAD Civil 
Engineering Laboratory I and CAD Civil Engineering 
Laboratory II recorded lowest reading of Total Average 
Noise Level. The impact of noise generated by distributing 
questionnaires resulted found that this noise affected building 
occupants in all three aspects, which are physiology, 
communication and performance. This impact brought 
physiological impact ,which is often experienced by students 
in the form of difficulties in concentration during class or 
practical lesson while the psychological impacts include 
dizziness and uncomfortable feeling. It also affected the 
communication process since the teacher’s voice becomes 
unclear. The respondents also agreed that this noise 
disturbing their communication between classmates. And 
finally, there are respondents said that this noise makes them 
hard to understand explanations. In perspective of students’ 
performance, it is shown that the noise pollutions make the 
practical lesson ineffective. Other performance impacts of 
this noise is causing the building occupants unfocused during 
class and declining achievement due to decreasing of 
performance. The proposed improvements to reduce the 
noise are to install sound insulation using acoustic material in 
the AHU room. Since the causes and sources of the noise is 
majorly coming from this room, it is suggested to treat the 
problem from the source. The second solution proposed is to 
relocate the return air duct from the room to a higher 
location. This is believed to help minimizing the propagation 
of the noise, hence control the problem. 
 
Acknowledgement 
Thank you to UTHM Pagoh management office, Sime Darby 
Property Selatan and all respondents for their kindness to share 
thoughts, opinion and suggestion that are beneficial for this study. 
The authors would like to express their appreciation to the 
Ministry of Education, the Research Management Centre of 









[1] Abdul Afram & Farrokh Janabi-Sharifi. (2014), Theory 
and applications of HVAC control systems 
[2] A review of model predictive control (MPC), Building 
and Environment, Vol 72. pages 343-355. 
[3] Axel Kierkegaard, Alastair West & Stephane Caro 
(2016). HVAC noise simulations using direct and hybrid 
methods. American Institute of Aeronautics and 
Astronautics, DOI: 10.2514/6.201602855. 
[4] Buchari, and Nazaruddin Matondang. (2017). The 
impact of noise level on students’ learning performance 
at state elementary schoolin Medan. American 
Institute of Physics, DOI: 10.1063/1.4985498. 
[5] Chua Yan Piaw. (2011). Kaedah dan Statistik 
Penyelidikan: Kaedah Penyelidikan. Kuala Lumpur: 
McGraw-Hill Education. 
[6] CIBSE (2000), Guide to ownership, operation and 
maintenance of building services. Operations Guide. 
London: OOM Publication. 
[7] Crampton, F.E. (2009). Spending on school 
infrastructure: does money matter? Journal of 
[8] Educational Administration, Vol. 47 No. 3, pp. 305-22. 
[9] Donabedian, A. (1988), The quality of care. How can it 
be assessed?. Journal of the America Medical 
Association, Vol. 260 No. 12, pp. 1743-8. 
[10] Duyar, I. (2010). Relationship between school facilities 
conditions and the delivery of instruction. Journal of 
Facilities Management, Vol. 8 No. 1, pp. 8-25 
[11] Fram, S.M. (2010). One built environment: an example 
for school administrators and planners. Journal of 
Educational Administration, Vol. 48 No. 4, pp. 468-89. 
[12] Hutchinson, L. (2003). Educational environment. British 
Medical Journal, Vol. 326, pp. 810-812. 
[13] Ilene Busch-Vishniac. (2017). Hospital Noise: How bad 
is it? The Journal of the Acoustical Society of America 
142(4), pp. 2629-2629. 
[14] Jamieson, P. (2003). Designing more effective on- 
campus teaching and learning spaces: a role for 
academic developers. International Journal for 
Academic Development, Vol. 8, pp. 119-33 
[15] Jason Lucas, Tanyel Bulnul & Walid Thabet. (2013). An 
object-oriented model to support healthcare facility 
information management. Automation in Construction, 
Vol. 31, pages 281-291. 
[16] Kementerian Pendidikan Tinggi Malaysia. (2016). 
Menganjak Pendidikan Negara. Utusan Malaysia. 
Retrieved from 
http://ww1.utusan.com.my/utusan/Rencana/ on 
September 13 2016. 
[17] K.J. Chua & J. Yan (2013). Achieving better energy- 
efficient air-conditioning – A review of technologies and 
strategies, Applied Energy, Vol. 104, pages 87-104. 
[18] Kun Tang, Chunyin Qiu, Manzhu Ke, Jiuyang Lu, 
Yangtao Ye, & Zhengyou Liu. (2014). Anomalous 
Refraction of Airborne Sound through ultrathin 
metasurfaces. Nature Scientific Report. pp. 6517. 
[19] Mark S. Owen. (2015) ASHRAE Handbook: HVAC 
Applications. 4th Edition. Atlanta, GA : ASHRAE 
Publication. 
[20] Mignard Clement & Christophe Nicolle. (2014). Mergin 
BIM and GIS using ontologies application to urban 
facility management in ACTIVe3D. Computers in 
Industry, Vol. 65 Issue 9, pages 1276-1290. 
 
[21] NE Klepeis (2001). The National Human Activity 
Pattern Survey : A Resource For Assessing 
Exposure To Environmental Pollutants. U.S 
National Library of Medicine National Institute of 
Health. pp. 17. 
[22] Patil Nikhilesh and Andy Moorhouse. (2016), 
INTER-NOISE Congress and Conference 
Proceedings, Hamburg, Germany pages 5848- 
6840, pp. 6657-6666(10) 
[23] Saiful Izwar Li. (2017). Development of an 
Ergonomic Assessment Tool for Small and 
Medium Enterprises (SMEs) Application, 
Universiti Tun Hussein Onn Malaysia: Bachelor 
Degree Thesis. 
[24] Tae Wook Kang & Chang Hee Hong. (2015). A 
study on software architecture for effective 
BIM/GIS-based facility management data 
integration, Automation in Construction, Vol. 54, 
pages 25-38. 
[25] Tanner, C.K. (2009). Effects of school design on 
students outcomes. Journal of Educational 
Administration, Vol. 47 No. 3, pp. 381-99. 
[26] Temple, P. (2008). Learning spaces in higher 
education: an under-researched topic. Review of 
[27] Uline, C. and Tschannen-Moran, M. (2008). The 
walls speak: the interplay of quality facilities, 
school climate and student achievement. Journal 
of Educational Administration, Vol. 46 No. 1, 
pp.55-73. 
[28] Wang Shan K. (2001). Handbook Of Air 
Conditioning And Refrigeration. New York, 
United States of America: McGraw-Hill. 
 
4 
Published by FAZ Publishing 
http://www.fazpublishing.com/jiei 
